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Effect of Igniter’'s Burning Rate
on Negative Differential Pressure of Interior Ballistics

Hyung-Gun Sung* - Jin-Sung Jang** - Seung-Young Yoo** - Seok-Hwan Oh**
- Dong-Whan Choi* - Tae-Seong Roh*"

ABSTRACT

The appearance of the negative differential pressure(NDP), in which the shot base pressure is higher
than the breech pressure, indicates that a potential damage on the gun system is increased. In order
to safeguard the gun system, the igniter must be designed to minimize the NDP during the firing
process. From this reason, the effect of igniter's burning rate on the NDP of the interior ballistics has
been investigated through the numerical simulations. The NDP has been increased with increment of
the coefficient in the burning rate of the igniter. A sudden change of the chamber pressure has been

shown in case of using a singular coefficient.
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Fig. 2 Schematic diagram of calculation model for interior ballistics
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Table 3. Initial conditions of interior ballistics

Projectile mass 30 kg
Friction force 17236893 Pa
Propellant density 1569.45 Kg/m3
Impetus 9116654 Jkg
Chamber area 0.019478 m2
Chamber length 09675 m

Exponent in burning rate(n) 0.71

Coefficient in burning rate(a) | 1.33858e-7 Pa™nm/s

Molecular weight of propellant 22.0 kgkmol

Specific heat ratio 1.2593

Adiabatic temperature 2417 K

Table 4. Characteristics of igniter6, 7, 9]

Igniter mass 0.1 kg
Side hole diameter 55 mm
Igniter density 1763 Kg/m3
Igniter impetus 4567584 Jlkg
Igniter diameter(L_d) 0.014 m
lgniter length(L_i) 0.502 m

Igniter exponent in burning rate(n) 0.164

lgniter coefficient in burning rate(a)| 0.0026 Pa™nys

Molecular weight of igniter 22.0 kg/kmol

Igniter specific heat ratio 1.15

Igniter adiabatic temperature 1942 K
Table 5. Igniter conditions
Side hole number 1 2
Position from breech 6.25% 11.25%
Side hole number 3 4
Position from breech 16.25% 21.25%
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Fig. 4 Porosity and pressure contours according to propellant configurations and igniter coefficients in burning rate

— 524 —



100
—&— iba 0.0026
b ba 0.0052
80 |——a—— rba 0.026 1
= :
o
=
®
=3
w
w
4
o
=
£
8
£
(=1
1 1 1 1
205 2 4 6 8 10
Time (m/s)
a) Cylinder
100
—&— iba 0.0026
b ba 0.0052
80 |——a—— rba 0.026 1
= :
o
=
®
2
w
4
o
=
£
8
£
(=1
1 1 1 1
205 2 4 6 8 10
Time (mis)

b) 1-perforated cylinder

=y
@
o

—=— rba 0.0026/ 1
——+—— rba0.0052 Kl
—e— ba0.026 | il

L ! 1 y 1

Pa

at
BB
S o

100

& O @
o o O

20—

Differential Pressure (M

Time (m/s)

¢) 7-perforated cylinder

Fig. 5 Pressure difference from breech to shot base
according to propellant configurations  and
igniter coefficient in bumning rate

S

2 )y
lt

of
o
o
=
1o
ol
N
1
X
2 L :
o
b
e
tlo
oX ox - b r2

IE
N
&2
X0
iy
40 r
™
o
iror2
B
i
oX,
i
N
™
N
of

79 gAgEELEE=RT oF 15%
SR AFH[G. o] AHrt LA
A3t7] 918iA Fig. 41X 71FET oFA
2E vla AT HEAlY ALs
0.0052 Pa™m/s? Fig. 4 b)e] 7|F&
Y, 5 ms 2 BZoA FAHoR 27]7]
=

Nodr Mool o 4y v o fo R ot 2
N
5
il
>
oo
ot
o,
o
o
o)

i)

o He 7E =
oA <k FASA FrhardTh &, oA
FRHAOR FPH = HaA s A
] A

T Mool oo on® oo ox T
i S & @0 o i o 2 & o 4y % S oy Lok ot M oJo ot A T B B oo

ok

(% ol
[

0

18 H]
o
iy
Qoo
B
12
9
jine
R
il
tlo
g

o o
5 o
tlo
e
tlo e
N o
R
>N
)
£
N e
off ©
oy
off
e,

2
>

0.

a1

o 4

oo 2 o)
m O
o
o o
2 o,
1
i
2%

o {0 Kb
_(?L
v
o,
v
N
%0 §2 m

rr y0
a2
+ st

o 2 2N QY of
)

to 1 X o A

] o rlr Ry

P
ES
5

B\
>
2
ofh
oy
9,
k)
il
53]
=)
to
BN
N

Figure
@5 Apolel Agtolth @Al gF
HEth EopAE NDPE d4d
HatAle] Axs A7t ARl met S48k
o 53], 758 FAAV 4y WEe U7 o

FEG g4 deeo. 5,

Aol Aa WAl Aztel] wE Frpde

F717F gobdE & A o
&€ 744 7F 0.0052 Pa™m/s <l
o W F717F obF dob oF
ofs 2ol gyjo] FEHQ FAE oFY]
HEs Ae2 Yyt

— 5256 —



}4= NDPO| 9% FE Aoz Uehsty ok
o FEAA FAA] A% 4FL F F 3
t A3 x270] AdE AL FAIAG

stx7h dHge] wet okd o st 2
A HlmE xale] kel &Ealy] $)ate]
Eu| o 7] ©A Ato]o] StEAA Y F
H(NDP)e] 2718 Hi3d Fert ok o]
=013 239 AUas A z=E AL
o HA Ax&o] NDPo WX 3
How AT FA B4
A dxs AErt FUHE

3

érer

% &

A el F4% 49 s yehet ol 7

TE XA YEbdRol fredel s #d

g aAFAAE 2-L skl wZolth wet

M F4% 49 Wes HAs] A fE
F DAFAA A DRI AAHEA I

e CREE BN LR e N b
o o ArAnRYUTh A FA=gUT
D2

1. Paul S. Gough, “Initial Development of
Core Module of Next Generation Interior
Ballistic Model NGEN,” ARL-CR-234, 1995

5. A4, A¥A, o

6. 497, A4, A&

2. Slobodan Jaramaz, Dejan Mickovic and
Predrag Elek, “Two-phase flows in gun
barrel: Theoretical and experimental studies,”
International Journal of Multiphase Flow,
2011, pp. 475-487

3. H. Miura, A. Mastuo, Y. Nakamura,

“Three-Dimensional Simulation of Pressure
Fluctuation in Granular Solid Propellant
Chamber within an Ignition Stage,” Propellant,
Explosives, Pyrotechnics, pp.259-267, 2011

4. J. Nussbaum, P. Helluy, J. M. Herard and

B. Baschung, “Multi-Dimensional Two-Phase
Flow Modeling Applied to Interior Ballistics,”
Journal of Applied Mechanics, Vol 78 /
051015, 2011

= 5

A Fdo e FUgx HFad,” =
TAE e 71£8 3] x], A147E, Al
pp-22-29

Het7] sy =l A 2 d
A 373 F=F31E83] FASGEH S, 2011

7. 487, “Eulerian-Lagrangian H<H < &3

<)
AA-2A 5 ZHEEe] 54 A7 At
398, Qsthsta, 217, 2012

8. Ronald, D. A. and Kurt D. F.,, "IBHVG2-A

User’s Guide,"

BRL-TR-2829, 1987

Technical Report,

9. Hiroaki Miura and Akiko Matsuo, " Numerical

Simulation of Projectile Accelerator using
Solid Propellant," 44th AIAA Aerospace
Sciences Meeting and Exhibit, AIAA
2006-1439, 2006

— 526 —





